Cyclohexane was effectively isomerized to methylcyclopentane on Pt/H-ZSM-5 and Pt-hybrid (a physical mixture composed of Pt/SiO2 and H-ZSM-5) catalysts over the catalyst showed higher catalytic activity and isomerization selectivity than Pt-supported catalyst.
Introduction
In recent years, in order to overcome environmental problem, the component of gasoline has to be improved to limit the aromatic content, especially benzene content, reduce volatility, increase amount of oxygenates and reduce olefins. In this sense, hydrogenation of benzene to cyclohexane followed by isomerization of cyclohexane to methylcyclopentane appears to be very attractive. Since research octane number (RON) get 8 points increment when cyclohexane (RON 83) is converted to methylcyclopentane (RON 91) , and the loss in octane number caused by the deduced amount of aromatics can be compensated partly by isomerized product. It is generally known that the hydrogenation of benzene occurs very easily on noble metal such as Pt and Pd, therefore in this study, we just focus our attention to the selective isomerization of cyclohexane.
Isomerization reaction is usually carried out using zeolite supported noble metals catalysts such as Pt/H-ZSM-5, Pt/Mordenite and Pt/USY in the presence of hydrogen. Steinberg et al.1) and K. Fujimoto2),3)
reported that a physical mixture hybrid catalyst consisting of Pt/SiO2 or Pd/SiO2 and H-ZSM-5 showed comparable activity for skeletal isomerization of C4 to C6 straight chain paraffins. One of the authors suggested that transfer of hydrogen from the gas phase to the acid site via interparticle transfer (spillover) is a key step for the generation of isomerization activity. In this paper we report the development of Pt-containing hybrid catalyst for cyclohexane isomerization and discuss the role of hydrogen spillover.
* To whom correspondence should be addressed.
Experiment
Pt(0.5wt%)/H-ZSM-5 catalyst was prepared using a H-ZSM-S (HSZ-840NHA, supplied by Toso Ltd.) with silica/alumina ratio of 44. Platinum was loaded to the zeolite from the aqueous solution of tetraammineplatinum (||) chloride by ion-exchange. Pt(2.5wt%)/SiO2 was prepared by wet-impregnating a commercially available SiO2 (Aerosil 380, BET specific surface area 380m2/g) with aqueous solution of H2PtCl6. Pt-hybrid catalyst was prepared by co-grinding a mixture of four weight parts of H-ZSM-5 and one weight part of Pt/SiO2 and which is a physical mixture of Pt/SiO2 and H-ZSM-5, showed higher activity and selectivity for MCP formation than Pt/H-ZSM-5. Although the low BZ yield on the hybrid catalyst should be attributed to the lower content of Pt/SiO2, the drastic increase in MCP yield by hybridization is hard to be explained. It will be discussed later. These results suggests that the cracking reaction occurs mainly on acidic site but not on metal site. C6
paraffins was mostly composed of n-hexane, 2-methylpentane and 3-methylpentane. Table 2 shows the result at 0.6MPa, and the two catalysts of Pt/H-ZSM-5 and Pt-hybrid are compared.
Benzene was suppressed effectively under pressurized condition. Pt-hybrid showed superiority to Pt/H-ZSM-5 both in its activity and in MCP selectivity. The NH3 adsorption and
NH3-TPD tests for Pt/H-ZSM-5 and
Pt-hybrid were measured before and after the reaction shown as Figure   2 . Two desorption peaks were observed, corresponding to weak and strong acid site with peak respectively. In the fresh state, the amounts of NH3-adsorption on weak and strong acid sites were almost equal for both catalysts. For the Pt/H-ZSM-5, no evident change was observed in NH3-adsorption amount and the distribution of acid strength before and after the reaction. However, a marked enhancement in the amount of NH3-adsorption at strong acid sites for Pt-hybrid was detected after the reactions. This fact suggests that there is a possibility that some new acid sites are generated or part of weak 2) Fujimoto, K., Maeda, K., Aimoto, K., Appl. Catal., 91, 81 (1992) .
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